In our latest contribution to the taxonomy of the straight to flexuous streptomycetes (Pridham, 1964) , it was suggested that these organisms could be categorized into two morphological subgroups. Baldacci (see Kiuster, 1959) also suggested that straight chains of spores could be distinguished from flexuous ones. One subgroup would consist of strains with flexuous chains of spores; the other, of strains with straight chains of spores. A master list of possible taxa in Section Rectus-Flexibilis (RF) of Pridham, Hesseltine, and Benedict (1958) Wash- ington, D.C., 3-7 May 1964. available type material for some taxa was questionable; and study of authentic type material for some taxa clearly indicated that published descriptions were in error and that the taxon should not be assigned to Section RF. The resultingf list contained 129 taxonomically workable species and subspecies of which at maturity 72 presumably possessed flexuous chains of spores and 57 presumably had straight chains of spores. Laboratory study of a number of flexuous streptomycetes suggested that all these could be regarded as members of the species Streptomyces griseus (Krainsky) Waksman and Henrici and that about 15 taxa (subspecies) could be recognized at present within the species.
We now have studied the holotype or neotype strains of most of the taxa originally considered to have straight chains of spores at maturity. (Hesseltine, Benedict, and Pridham, 1954; Lyons and Pridham, 1962; Pridham et al., 1957; Pridham and Gottlieb, 1948; Pridham and Lyons, 1961) . Assignment of a strain to a particular morphological subgroup was made after microscopic examination of cultures growing on 14 different media. These media were Czapek's agar (sucrose as carbohydrate), glycerol-asparagine-agar, inorganic salts-starch-agar, and 11 different utilization media (Pridham and Gott- lieb's chemically defined basal agar supplemented with various nonsterilized carbon compounds). As a final check, all strains were again cultivated on Czapek's agar and on inorganic salts-starchagar and examined independently by both of us.
RESULTS
Morphological 8tudies. Certain so-called aberrant forms or identified strains, whose characteristics did not seem to conform entirely with published information on a particular species, allow some speculation on the range of variation in spore-chain morphology that may be encountered with streptomycetes. For example, certain strains received as Streptomyces antibioticus (Waksman and Woodruff) Waksman and Henrici have spore-chain morphologies that led us to categorize them in Section RetinaculumApertum (RA) of our 1958 guide (Pridham et al., 1958) . Information on morphology of these strains was usually recorded in our records as RA (aberrant), RA (large), or RA (atypical). These represent a first type of RA morphology. Likewise, Streptomyces fradiae (Waksman and Curtis) Waksman and Henrici was categorized in Section RA, and the information for these strains was recorded as RA (atypical), RA (close), or RA (small). These represent a second type of RA morphology. The typical RA type of spore-chain morphology was recorded principally for certain strains labeled Streptomyces lavendulae (Waksman and Curtis) Waksman and Henrici. These represent the third, and typical, type of RA morphology.
Besides the three RA types encountered, straight chains of spores often occurred in association with the typical RA spore-chain morphology. We now believe that associated with flexuous spore-chain morphology is the RA atypical, large, or aberrant type; associated with the coiledchain morphology is the RA atypical, close, or small spore-chain morphology; and associated with straight-chain morphology is the typical RA morphology. The relationships of the different morphological entities are outlined in Fig. 1 .
Our latest results suggest even broader bases for speciation than we had previously proposed. Currently we are using the arrangement in Fig. 1 The criteria for placement of the strains in taxonomic categories included ornamentation of spore walls, darkening of peptone-iron-agar, chromogenicity, and utilization of 10 different carbon compounds. The results are presented in Table 2 for strains now considered to be S. griseus, in Table 3 for those regarded as S. venezuelae, and in Table 4 for the unusual or odd strains encountered. DISCUSSION
We now have examined many holotype and potential neotype strains of available species that would be categorized in Section RF of Pridham et al. (1958) . All the strains have smooth-walled spores [see Tables 2 to 4 , and belie-e, these two criteria allow more accurate interpretation of total taxonomic data for a given strain. We believe that the classifications outlined here will serve as better bases for more advanced studies related to the problem of speciation in the streptomycetes.
In practical classification of strains in our laboratory, we originally devised a system based on morphology of spore chains, chromogenicity, color of aerial mycelium, and ability to utilize D-xylose, L-arabinose, and L-rhamnose. Continued research has shown the relative inadequacy of some of these criteria. Not unexpectedly, the present study has pointed out certain dangers in accepting strict morphological guidelines in development of a species concept. Some strains, originally categorized in Section RA, can represent acceptable members of the species S. griseus. Strict adherence to morphological guidelines would require that such strains not be considered members of the species.
Nor can hard and fast lines be drawn by using color as a criterion for speciation. We believe that the range of colors of a given species can embrace the whole of the visible spectrum. Thus, some strains of S. griseus can exhibit red aerial mycelium, others blue, others yellow, etc. The same belief is held for the so-called chromogenicity criterion. We believe a species can be comprised of both chromogenic and nonchromogenic forms. The three criteria of spore-chain morphology, color, and chromogenicity seem to be good ones for characterization of strains, although there are problems in determination and in communication of results. The relationship of spore-chain morphology, color, and chromogenicity to speciation is somewhat obscure. Much more refined research is needed before a final determination as to just how these criteria influence speciation within the genus Streptomyces.
The determination of carbon-utilization patterns for characterization of streptomycetes appears to offer some advantages. Even with this criterion, there are some questions about interpretation of results. More objective means are needed for determining whether a compound is used. In any event, carbon utilization in speciation seems more reasonable to accept than criteria based on morphology of spore chains, color, and chromogenicity, because the phenomenon of utilization can readily be construed to be operative in nature.
Earlier, in classifying strains based on our system of utilization of D-xylose, L-arabinose, and L-rhamnose, it appeared that selection of these three pentoses had been somewhat fortuitous because the system worked so well. However, Nagar (1962) was unable to demonstrate the presence of free hexoses and pentoses (other than glucose) in soil. He did find that the polysaccharides (present to the extent of about 5% of the organic matter) were composed of glucose, galactose, mannose, and the three pentosesxylose, arabinose, and rhamnose. Cosgrove (1962) also reported on the occurrence of inositol in soil. Glucose, galactose, and mannose are utilized by a great majority of streptomycetes tested in the laboratory. The ability of strains to utilize the pentoses, however, ranges from those that utilize all three to those that utilize none. There appears to be a relation between the presence of the pentoses (as components of polysaccharides) in soil and the fact that most of the strains we have tested have been placed in taxonomic categories I and II (see Pridham, 1964 ) based on utilization of the three pentoses in laboratory tests.
Antibiotic production also seems to be one reasonably accurate criterion that might operate in nature. Elucidation of the precise identity of many reported antibiotics, and of the nature of antibiotic complexes, has provided information that allows more objective comparisons of strains. 
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u ., This information can be used to devise sets of correlating characteristics that will give more objective taxonomic or typological species. Qualitatively, there are few crossovers of antibiotics from one taxonomic category to another. That is, practically all antibiotics concerned with strains in one taxonomic category are not found in another. Additional information on precise identification of the antibiotics involved will indicate whether the "limited-crossover" findings reflect an actual objective situation. The same limited-crossover phenomenon also occurred in our work with S. griseus (Pridham, 1964) . Antibiotics thus far found to occur in more than one taxonomic category for S. griseus are: streptocin, cycloheximide, amicetin, certain actinomycin C or (X) B complex components, and certain antimycin A complex components. So far, the only antibiotic in more than one taxonomic category of S. venezuelae is chloramphenicol. Antibiotics crossing the presumed species limits of S. griseus and S. venezuelae are chloramphenicol and certain components of the streptothricin complex. Among the odd culture categories, vancomycin is located in more than one.
